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C oagulase-negative staphylococci (CoNS) are currently the most common isolates from the blood of patients with cancer and febrile neutropenia (FN) (1) (2) (3) . Although bloodstream infections (BSIs) by CoNS are often considered to be indolent (4), their impact on the mortality of immunocompromised patients is not well established, particularly for patients with neutropenia secondary to cytotoxic chemotherapy.
Nosocomial isolates of CoNS tend to be multidrug resistant, and many are only susceptible to vancomycin (5, 6) . In an era of increasing antibiotic resistance, determining the actual virulence of BSIs caused by CoNS in the context of FN is of paramount importance for the appropriate administration of vancomycin, particularly in centres in which the prevalence of methicillin-resistant Staphylococcus aureus is low. The aim of the present study was to evaluate the relevance of BSIs caused by CoNS in the mortality of adult patients with cancer and FN.
MethoDS
Study design and participants A prospective cohort study was conducted in the hematology ward of Hospital de Clínicas de Porto Alegre, Rio Grande do Sul, a teaching hospital and tertiary referral centre for bone marrow transplantation in southern Brazil. All consecutive subjects admitted between October 2009 and August 2011 were screened. Patients ≥18 years of age with neutropenia (absolute neutrophil count <500×10 9 cells/L or <1000×10 9 cells/L with an expectation of decreasing to <500×10 9 cells/L during the next 48 h) and fever (a single axillary temperature measurement ≥38.5°C or temperature of ≥38.0°C sustained over a 1 h period) were eligible for the present study. Subjects who were only receiving palliative treatment, had an indication of outpatient treatment, and had neutropenia due to an etiology in addition to the manifestation of hematological malignancies or an adverse reaction to chemotherapy were excluded. Patients were not allowed to re-enter the study after a first episode of FN with documented BSI.
Definitions
Microbiological studies were performed at the onset of fever according to standards of practice and included two separate blood samples from two different sites. In the absence of an indwelling central venous catheter, the two blood sets were obtained from two distinct peripheral veins. When an indwelling central venous catheter was present, one set of samples for blood culture was obtained through the indwelling central venous catheter and another set was collected from a peripheral vein. S aureus was identified using agar (blood agar and mannitol salt) via catalase and coagulase tests. CoNS were identified by Gram stain, the presence of catalase, bacitracin resistance and the absence of free coagulase. The susceptibilities of the isolated pathogens to antibiotics were evaluated according to the recommendations of the Clinical and Laboratory Standards Institute (7). Bacteremia caused by CoNS was defined as two positive results of two independent cultures. Bacteremia in one positive culture was considered diagnostic for other pathogens. Multidrug-resistant bacteremia was defined as a BSI that was a result of methicillin-resistant Staphylococcus or vancomycinresistant Enterococcus for Gram-positive bacteria, or resistance to ≥3 classes of antimicrobial agents for Gram-negative bacteria. The Multinational Association for Supportive Care in Cancer (MASCC) Risk Index score was applied at the onset of fever to determine the risk for serious complications during FN (8); episodes were classified as high risk if the score was <21 points. Clinical comorbidity was defined as the presence of heart failure, diabetes mellitus, chronic pulmonary disease, chronic liver disease or chronic renal failure. Nosocomial FN was defined as the onset of FN after 48 h of hospitalization. Patients with FN were treated according to the 2002 guidelines of the Infectious Diseases Society of America (9) . The initial antimicrobial treatment scheme was performed with β-lactam monotherapy with antipseudomonal activity; vancomycin was recommended as part of the initial empirical regimen only in cases with hemodynamic instability, suspected catheter-related infection, or infection of the skin and soft tissue. Antibiotic prophylaxis was not administered to patients.
outcome and follow-up
The primary outcome of the study was mortality 28 days after the onset of FN. Patients were followed up through interviews and medical record review using a standardized data collection instrument by researchers who were not associated with the assistant physician's team. Follow-up was maintained for 28 days after fever began in neutropenic patients. Regarding patients who were discharged within 28 days, follow-up telephone calls were made on the 28th day after the onset of FN to determine whether they were still alive.
Statistical analysis
The χ 2 and Fisher tests were used to compare categorical variables, and the Mann-Whitney U test was used to compare continuous variables. Kaplan-Meier curves were used to calculate the time-dependent occurrence of death. The log-rank test was used for comparisons between groups. The multivariate Cox proportional hazards model was used to assess mortality, and all variables with P<0.15 in a univariate analysis were included. In the multivariate model, independent variables were eliminated from the highest to the lowest P value but remained in the model if P<0.05. HRs were estimated along with 95% CIs. STATA version 12 (Stata Corp LP, USA) was used for statistical analysis.
ethics issues
Written informed consent was obtained from all study participants. The institutional review board of Hospital de Clínicas de Porto Alegre (Porto Alegre, Brazil) approved the study.
ReSuLtS
A total of 169 patients were evaluated during the study period. During this time, 78 patients with BSIs were documented: 96.1% secondary to cytotoxic chemotherapy (n=75) and 89.7% occurring after 48 h of hospitalization (n=70). Patients with hematological malignancies comprised 82% (n=64) of the study population. The proportion of patients who underwent high-dose chemotherapy (induction chemotherapy or hematopoietic stem cell transplantation) was 53.8% (n=42). The overall 28-day mortality associated with BSIs was 24.3% (n=19). Of the total number of BSIs, 23 cases (29.5%) were caused by CoNS, of which 65.2% (n=15) were due to methicillin-resistant isolates. Other pathogens accounted for 70.5% of all BSIs (n=55), and the predominant microorganisms were Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae and Streptococcus species ( Table 1) . The rate of BSIs caused by other multidrug-resistant pathogens was 18.1% (n=10), and the production of extended-spectrum β-lactamase was the most frequent type of antimicrobial resistance (80.0%).
The characteristics of the groups of patients with BSIs caused by CoNS and BSIs caused by other pathogens are presented in Table 2 . Patients with BSIs caused by CoNS had a higher proportion of in vitro resistance of blood isolates to initial antibiotic treatment compared with patients with BSIs caused by other pathogens. There were no differences between the two study arms with respect to age, sex, presence of clinical comorbidity, type of cancer, relapsing underlying disease status, phase of chemotherapy, absolute neutrophil count at the time of diagnosis of FN, duration of neutropenia, proportion of nosocomial episodes of FN, presence of indwelling central venous catheter or MASCC score.
The 28-day mortality rate was significantly lower in the BSIs caused by CoNS group compared with with the BSIs caused by other pathogens group (4.3% versus 32.7%; log-rank P=0.009) (Figure 1 ).
In the univariate Cox proportional hazards model, several characteristics were associated with 28-day mortality during FN (Table 3 ). Other pathogens*
Figure 1) Survival curves of febrile neutropenic patients with bloodstream infection (BSI) caused by coagulase-negative Staphylococcus species (CoNS) and BSIs caused by other pathogens

Escherichia coli 27
Pseudomonas aeruginosa 9
Klebsiella pneumoniae 7
Streptococcus species 5
Enterococcus faecalis 4
Enterobacter species 2
Serratia species 2
Candida species 2
Salmonella species 1
Staphylococcus aureus 1
Kocuria species 1
*There were six cases of polymicrobial bacteremia
Patients who survived were more likely to have BSIs caused by CoNS (P=0.03) or to receive a regimen of high-dose chemotherapy (P=0.01). Presenting with relapsing disease stages (P=0.01) was significantly higher among nonsurvivors. After the multivariate analysis (Table 4) was performed, the variables that constituted independent predictors for mortality were presentation with relapsing disease stages (P=0.008) and high-risk MASCC score (P=0.02). BSIs caused by CoNS were independently associated with higher survival rates (P=0.02). The assessment of whether mortality was attributable to infection was concordant in all 19 patients who died.
DISCuSSIon
Despite a high incidence of methicillin resistance among CoNS isolates and the lack of vancomycin administration during routine initial antibiotic treatment, the present study revealed a lower 28-day mortality rate among cancer patients with FN and BSIs caused by CoNS compared with BSIs caused by other pathogens. The analysis of the characteristics of patients with FN showed a conservative bias with regard to the hypothesis of the lower virulence of BSIs caused by CoNS. Both the rate of multidrug-resistance and the in vitro resistance of blood isolates to the initial antibiotic administered were higher in the group of patients with BSIs caused by CoNS. Even so, bacteremia caused by CoNS was independently associated with higher survival rates.
Although some publications have demonstrated concern in relation to a trend of increasing methicillin resistance among CoNS isolates in FN (10, 11) , our study suggests a low virulence of CoNS, even in the context of a high prevalence of methicillin resistance and the omission of a glycopeptide from the initial empirical antimicrobial treatment. These findings are comparable with previous studies that demonstrated a relatively benign clinical course of CoNS infections related to central venous catheter infection in bone marrow transplantation recipients (12) and a lack of increase in mortality attributable to CoNS bacteremia in noncritical patients (13) . Moreover, our study results may provide a possible explanation for why randomized trials did not demonstrate a significant impact on mortality with the empirical association of glycopeptides in the initial treatment for FN (14) because CoNS represents the majority of Gram-positive isolates in FN (1-3).
There were limitations to the present study. Neither the initiation time of antibiotic therapy nor antimicrobial modifications during the course of FN was controlled. Furthermore, the present study was susceptible to biases inherent to observational studies (selection, assessment and confounding); however, the appropriate measurement of variables and outcomes with previously defined objective criteria, the use of standardized data collection, follow-up by a research team that was not related to care and multivariate analysis minimized the possibility of systematic errors.
Future studies are required to assess markers of virulence of BSIs caused by CoNS in patients with FN and to determine which patients would benefit from treatment with glycopeptides.
The appropriate use of vancomycin in patients with FN and BSIs caused by CoNS could be an important strategy to avoid the horizontal spread of antibiotic resistance genes to more virulent bacteria such as S aureus.
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